21, 0.86°/o. The plants were grown in the field in a randomized complete blodt design with four replications, in 1976 at Lexington, Kentudty. Normal cultural and air-curing practices for Burley tobacco were followed, and the plants were hand-suckered. After curing, the leaves were classified according to eight stalk positions, each of which contained two or more leaves. Position one represents the lowest leaves and position eight the top leaves. The midribs were removed from the leaves, and a sample of leaf laminae from each stalk position of each plot was ground to pass through a 1 mm mesh screen.
The samples from each replicate were combined for chemical analysis. The remainder of all leaf samples for each cuhivar from four replications according to the assigned stalk position were used to manufacture experimental cigarettes. These cigarettes were non-filter, 85 mm in length, 25 mm in circumference, leaf cut was 32 per inch, and the cigarette paper burned at a rate of 30 cm/min. These specifications are similar to those of the U.S. Tobacco Working Group (TWG) experimental series (3) . Several selected characteristics of the experimental cigarettes are listed in Table 1 . Leaves were analyzed in a cooperative program involving many industrial and public research laboratories+. Eada laboratory used its own established methods {12). Cigarette • 85 mm, non-filter smoke analyses were conducted at the American Health sugar, starch, holocellulose, malic acid, oxalic acid, citric Foundation. Analytical procedures have been reported acid, nicotine, nornicotine, myosmine, anabasine, anapreviously (12) . Table 1 presents the average values for tabine, total alkaloids, total volatile bases, ammonia, the cigarettes studied.
a-amino nitrogen, nitrate, total nitrogen, petroleum ether ~extract, wax, oven volatiles, phytosterols, total car-EXPERIMENTAL VARIABLES bonyls, chlorogenic acid, rutin, total polyphenols, and neophytadiene.
A total of 116 variables were included in this study. 
RESULTS AND DISCUSSION
The analytical data for the above-mentioned variables were examined statistically. We found significant differences among the four cultivars as well as among stalk positions. Simple correlations and multiple regressions are also calculated. The results are as follows:
A. Major Difference Among Cultivars
Burley 21: The following variables are significantly higher in this cultivar than in the others studied: moisture, oxalic acid, nicotine, total alkaloids, total volatile bases, ammonia, nitrate, total nitrogen and oven volatiles in leaf; nicotine in condensate; and picolines, NAT, NNN, and total non-volatile amines in smoke.
Low-Alkaloid Burley 21:
The following variables are significantly higher in this cultivar than in the three other Burley cultivars tested: ash, Ca, K, malic acid, petroleum ether extract, phytosterols in leaf; and 3,.4-lutidine in smoke.
Ky 12:
The following variables are significantly higher in this cultivar than in the other cultivars: Mg, citric acid-a-amino nitrogen, total phenols and neophytadiene in leaf; and TPM, hydrogen cyanide, 3-ethylpyridine, acetaldehyde, acrolein, isoprene, acetonitrile in smoke, and pH of smoke.
Ky 14:
The following variables are significantly higher in this cultivar than in other cultivars studied: sand, chloride, total carbonyls in leaf; dry condensate; NNN, water and pyridine in smoke.
B. Major Differences in Stalk Position
Data from all cultivars of the same stalk position are combined for this study.
1. The following variables decrease from bottom to top leaf positions (bottom leaves have higher values): ash, alkalinity of water-soluble ash, Ca, K, citric acid, nitrate, petroleum ether extracts, wax, phytosterols, total carbonyls, draw resistance and static burning rate of the experimental cigarettes; and acetaldehyde and acrolein in the smoke of these cigarettes. The decrease in draw resistance and the decrease in burning rate with ascending stalk position have also been observed for bright tobacco varieties (12) . These correlations can be explained by the increased density of the cured leaves from upper stalk positions.
2. The following variables increase from bottom to top leaf positions (bottom leaves have lower values): nicotine, total alkaloids, total volatile bases, a-amino nitrogen, total nitrogen of the experimental cigarettes; and TPM, water in TPM, phenol, ammonia, hydrogen cyanide, pyridine, picoline, lutidine, catechol, isoprene, carbon monoxide, NOMA and NEMA in the smoke of these cigarettes as well as smoke pH. 
C. Simple Correlations among Selected Leaf and Smoke Variables
Some simple correlations among selected leaf and smoke variables are listed in Table 2 . These data are in agreement with our previous findings in bright tobaccos (12) . The most important factors associated with the levels of many undesirable smoke components (13) appear to be nitrogenous faCtors other than nitrate and completeness of combustion. For example, variables such as FfC* condensate(= TPM minus nicotine and water), smoke nicotine, total non-volatile amines, total Volatile phenols, hydrogen cyanide, benzo[a]pyrene, catechol, smoke pH, and carbon monoxide are negatively correlated with potassium and nitrate contents, which are known to increase the static burning rate, and are positively correlated with total nitrogen, total alkaloids, total volatile bases, a-amino nitrogen, and ammonia, which reflect organic fractions inhibiting completeness of combustion. One interesting phenomenon is that three smoke corn- 
D. Multiple Regressions
We have, on the basis of the simple correlation data, selected several important variables for computation of multiple regression. Using this concept, one can predict the level of certain smoke components when a few leaf variables are known. The study supports our earlier finding with bright tobacco cultivars (12) in that the combustibility of the cigarette filler determines the FTC condensate yield.
Benzo[a]pyrene (ng/cig.):
In this study, this variable is correlated with ash, petroleum ether extract, wax, This study confirms an observation made by us, and by others ( 4), in respect to the bright tobacco cultivars (12) , namely that the petroleum-ether extractable "waxy" layer of the leaf has a great influence on B[a]P yields m the smoke. 
'd
Stalk position smoking (7). In our earlier study with bright tobacco cultivars the correlation factor between hydrogen cyanide and a-amino nitrogen was 0.569 and between hydrogen cyanide and total nitrogen 0.831 (12) . This too supports the Johnson and Kang concept (7). This finding supports earlier model studies which suggest that polyphenols are major precursors for smoke phenols (14). This study strongly indicates that the carbon monoxide yield in smoke increases with the ascending stalk position of the Burley leaf from which it derives. As discussed earlier, the upper leaves have a lower free burning rate and lower nitrate content than the leaves from lower stalk positions. It was also demonstrated earlier that increased nitrate levels accelerate combustibility of tobacco leaves (9).
7. Catechol (11g/cig.): Catechol is correlated with leaf positions, total polyphenols, a-amino nitrogen, nitrate nitrogen, ash, and other variables.
a. When a-amino nitrogen, total polyphenols, and leaf positions are used, estimated catechol (!lg/cigarette) = This observation supports the concept that nitrate in tobacco is a main precursor for ammonia in the smoke (8) and, thus, for smoke pH (2, 8 
